INTRODUCTION
Since 2002, the New York City (NYC) Department of Health and Mental Hygiene has implemented a comprehensive tobacco control plan consisting of taxation, legislation, education, cessation, and evaluation. 1 There was a 27 % decline in adult smoking prevalence in NYC between 2002 and 2008, from 21.5 to 15.8 %. Evaluating changes in the prevalence of daily smoking and cigarettes per day (CPD) can assess whether the declines were primarily concentrated among heavy or light smokers.
There are conflicting reports in the literature on whether, following smoking prevalence declines, the residual smoker population is comprised of more "hardcore" smokers, i.e., those with the greatest difficulty quitting or, on the contrary, smokers who are less addicted. 2, 3 Some research shows that smokers who do not quit are likely to be more nicotine dependent, which is known as the hardening hypothesis. 4, 5 Goodwin et al. reported that the prevalence of adult lifetime smoking in the USA declined across four recent birth cohorts, but nicotine dependence increased. 6 One explanation for the hardening hypothesis is that the increased social pressures against smoking may disproportionately affect casual smokers, resulting in a greater likelihood of cessation in this population, leaving more severe smokers. 7, 8 Contrary evidence suggests that the proportion of hardcore smokers does not necessarily increase as smoking prevalence declines. 2 Following smoking prevalence declines, national data show a decrease in CPD and an increase in the time to the first cigarette of the day, indicating that residual smokers are less dependent. 5 Previous population-based studies have focused on national or international samples, which differ in demographic makeup from diverse, urban settings. 4, 6, 8 This analysis provides more recent local-level data from NYC to evaluate changes in CPD and daily and nondaily smoking prevalence, commonly used to define hardcore smokers. 9 There are limitations in defining hardcore smokers using only these measures as these smokers are typically classified by a combination of smoking behaviors including quit attempts, quit intention, nicotine dependence, and smoking duration. 2, 8 However, reductions in smoking consumption have been shown to be associated with declines in nicotine dependence and nondaily smokers are generally less nicotine dependent. 10, 11 To assess whether cigarette consumption has declined among the remaining smokers in NYC, changes in daily and nondaily smoking prevalence and CPD among daily smokers were evaluated between 2002 and 2008. Data in support of hardening would show a smaller decline in the prevalence of heavy daily smoking among all adults as compared to light daily and nondaily smoking. In contrast, steeper declines among heavier smokers would suggest a "softening" of the remaining smoker population.
METHODS
NYC data were evaluated using the 2002 and 2008 NYC Community Health Surveys (CHS). 1, 12 The NYC CHS is a random digit dial, cross-sectional survey of approximately 10,000 NYC adults aged 18 and over, sampled within 34 neighborhood strata. The survey, which has been conducted annually since 2002, is based on the national Behavioral Risk Factor Surveillance System, and provides representative population-based prevalence estimates. NYC CHS data were weighted to account for unequal selection probabilities and nonresponse, and analyses were age adjusted to the 2000 U.S. Standard Population.
The tobacco-related questions in the NYC CHS assessed in this analysis included current smoking prevalence and CPD. Current smoking was defined as having smoked at least 100 cigarettes in one's lifetime and currently smoking on all or some days. CPD was defined as the average number of cigarettes smoked per day. Smokers were classified as "heavy daily" if they smoked on all days and smoked 11 or more CPD and "light daily" if they smoked on all days and smoked from 1 to 10 CPD. Nondaily smokers were defined as smoking on some days only. we compared the prevalence of current smokers, heavy daily smokers, light daily smokers and nondaily smokers among NYC adults. We also conducted a Pearson's chisquare test to determine any association between survey year and CPD category. Significant changes between 2002 and 2008 were assessed using t tests to compare prevalence estimates of each group; differences were considered significant at α =0.05. The mean CPD among daily smokers and the estimated population of daily smokers in each of the five CPD categories were also compared between 2002 and 2008.
RESULTS
From 2002 to 2008, the adult smoking prevalence declined 27 %, from 21.5 % to 15.8 % (pG0.001; Table 1 ). Over the same time period, the prevalence of daily smoking among adults in NYC declined 29 %, (from 14.5 % to 10.3 %; pG0.001), and the prevalence of heavy daily smoking declined 45 % (from 7.8 % to 4.3 %; pG0.001). The prevalence of nondaily smoking declined 21 % (from 7.0 % to 5.5 %; p=0.005). The decline in light daily smoking (from 6.7 % to 6.0 %) was not statistically significant (p=0.158). Figure 1 shows the population of daily smokers by five categories of CPD. CPD category is significantly associated with year (X 2 =4.54, p=0.0012). From 2002 to 2008, there is evidence of declines in all but the very light smokers (1-5 CPD). We estimate that about half as many daily smokers smoked 21 or more CPD in 2008 as compared to smokers in 2002, but there were approximately the same number of very light smokers in both years. The mean CPD among daily smokers declined significantly, from 14.6 to 12.5 (pG0.001).
CONCLUSIONS
Our data suggest that, after a 27 % decline in adult smoking prevalence from 2002 to 2008, the remaining smokers show reductions in daily consumption levels and the prevalence of heavy daily smoking. Significant declines were seen among both daily and nondaily smokers between 2002 and 2008. Among daily smokers the largest percent decline was among heavy smokers (45 %), such that by 2008, light smokers comprised the majority of daily smokers. From 2002 to 2008, there were declines among daily smokers in all CPD categories except the very light smokers. Thus, at least as measured through cigarette consumption, these findings are consistent with a shift towards decreased smoking severity, or 'softening' among NYC smokers.
Similar to NYC findings, trend analyses of CPD at the state and national level indicate concurrent declines in consumption and smoking prevalence. 5, 13, 14 Our data are also consistent with results from states with comprehensive tobacco control programs. 13, 15, 16 Data from California indicate that, along with a smoking prevalence decline, the prevalence of heavy smoking (25+ CPD) fell by 50 % between 1990 and 1999. 5 This is the first study that we know of to show these same trends in a diverse, urban setting.
Evidence also exists in the literature to support the hardening hypothesis; however, the populations and the measures of nicotine dependence in these studies may differ from those in this analysis, which could in part explain the inconsistent findings. The study populations assessed in the Fagerström review, which concluded that countries with low smoking prevalence also had more dependent smokers, included population-based samples at the national level and samples of smokers seeking cessation assistance from 1985 to 1995. However, findings from national samples may not be applicable to all subpopulations in the USA. For example, adults in NYC are more likely to be racial/ethnic minorities, foreign born, and report a lower income than adults nationally, and this may contribute to our unique findings. 17 Similarly, Goodwin et al. also showed a hardening effect and used a nationally representative sample as well. 6 Further, in the Fagerström review, nicotine dependence was measured through the Fagerström Test of Nicotine Dependence (FTND). 4 This is a six-item measure which includes CPD, time to the first cigarette of the day, and difficulty refraining from smoking in places where smoking is banned, among other questions. Similarly, Goodwin measured nicotine dependence using a comprehensive instrument with more than 40 questions. 6 In our study, the prevalence of daily and nondaily smoking, as well as CPD, was used to evaluate the hardening hypothesis since more comprehensive measures were not available. There are limitations to this approach as CPD may be influenced by factors such as indoor smoking bans which could serve to reduce daily consumption but not necessarily dependence. 13 Hardcore smokers are generally demarcated using a more comprehensive definition, including a combination of quit attempts, nicotine dependence, and duration of smoking. 2, 9 However, while CPD is not a precise measure of dependence, it has been found to be correlated with other measures of addiction, including difficulty quitting, the key element defining hardcore smokers. [18] [19] [20] More recently, a retrospective analysis which used a modified FTND score excluding CPD showed that reductions in the number of cigarettes smoked per day was associated with declines in the non-CPD measures of nicotine dependence. 10 This study has other limitations as well. The NYC CHS collects self-reported data, which may underestimate the prevalence and frequency of smoking. Cotinine-based smoking prevalence assessed in 2004 was higher than the NYC CHS self-reported prevalence, reflecting a possible underestimation in self-reported smoking measures. 21 Finally, in assessing declines in daily smoking prevalence and population changes across CPD categories using cross-sectional data, it is possible that smokers may have shifted across the heavy daily and light daily smoking categories.
Further research is needed to more fully evaluate the hardening hypothesis in NYC. Based on our study, despite an overall smoking prevalence decline of 27 % in NYC since 2002, we saw that cigarette consumption did not increase among the residual smokers, as measured by changes in CPD and prevalence of daily smoking from 2002 to 2008. Tobacco control efforts implemented in NYC, including the current highest combined city/state cigarette excise tax in the country, a comprehensive workplace smoking ban passed in 2002, and hard-hitting media aired since 2006, may have disproportionately affected heavy smokers. These population-based initiatives may counteract the decreased likelihood of successful cessation among the most heavily addicted smokers. 5, 22 If the smoker population continues to be comprised of increasingly less severe smokers, it will be important for cessation and other tobacco control efforts to be targeted towards this residual group. These findings provide preliminary additional evidence against the hardening hypothesis, and highlight the need for media and cessation efforts aimed at light smokers.
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